Abstract: Drought resistance is of enormous importance in crop production. The identification of genetic factors involved in plant response to drought stress provides a strong foundation for improving drought tolerance. Stay-green is a drought resistance trait in sorghum (Sorghum bicolor L. Moench) that gives plants resistance to premature senescence under severe soil moisture stress during the post-flowering stage. The objective of this study was to map quantitative trait loci (QTLs) that control the stay-green and chlorophyll content in sorghum. By using a restriction fragment length polymorphism (RFLP) map, developed from a recombinant inbred line (RIL) population, we identified four stay-green QTLs, located on three linkage groups. The QTLs (Stg1 and Stg2) are on linkage group A, with the other two, Stg3 and Stg4, on linkage groups D and J, respectively. Two stay-green QTLs, Stg1 and Stg2, explaining 13-20% and 20-30% of the phenotypic variability, respectively, were consistently identified in all trials at different locations in two years. Three QTLs for chlorophyll content (Chl1, Chl2, and Chl3), explaining 25-30% of the phenotypic variability were also identified under post-flowering drought stress. All coincided with the three stay-green QTL regions (Stg1, Stg2, and Stg3) accounting for 46% of the phenotypic variation. The Stg1 and Stg2 regions also contain the genes for key photosynthetic enzymes, heat shock proteins, and an abscisic acid (ABA) responsive gene. Such spatial arrangement shows that linkage group A is important for drought-and heat-stress tolerance and yield production in sorghum. High-resolution mapping and cloning of the consistent stay-green QTLs may help to develop drought-resistant hybrids and to understand the mechanism of drought-induced senescence in plants.
Introduction
Senescence in plants is an internally programmed degeneration process leading to death. It is controlled by internal and external signals. Drought and environmental stress factors can induce the onset of senescence (Noodén et al. 1997; Buchanan-Wollaston 1997) . A typical phenomenon of leaf senescence is loss of chlorophyll and progressive decline in photosynthetic capacity, which results in the deteriorated quality of vegetables, ornamental plants, and turf grasses, and leads to the poor grain quality and yield reduction of crop plants. Therefore, any defense mechanism that postpones the onset of senescence and keeps the leaves green will be of benefit.
Drought is a major limiting factor for crop productivity (Boyer 1982) . In sorghum, drought stress during and after flowering stage causes premature leaf senescence which in turn leads to stalk lodging, stalk rot diseases, and significant yield loss (Rosenow and Clark 1995) . More than 80% of sorghum in the United States is grown under non-irrigated conditions. Most commercial sorghum hybrids in the United States have pre-flowering drought resistance, but do not have any significant post-flowering drought resistance (staygreen). Stay-green is a term used to describe a postflowering drought resistance trait that gives plants resistance to premature senescence under severe soil moisture stress. Stay-green should contribute to an improvement in high and stable yield production under drought-prone conditions. It is a nuclear-gene-controlled quantitative trait (Walulu et al. 1994) . In many crop species, stay-green plants have shown an increased resistance to diseases and drought, are better quality forages for animals, are high in chlorophyll content and are an ideal source of this pigment for food industry, and make attractive ornamental plants over an extended period (Thomas and Smart 1993) . However, the progress in selection for the stay-green trait using traditional breeding methods is low, due to several factors. These factors include (i) the timing and intensity of water deficit stress, (ii) large interactions between stress response and growth stage, (iii) interaction of drought with heat and other factors, and (iv) inability to evaluate stay-green until plants reach physiological maturity.
Genetic mapping of QTLs (quantitative trait loci) conferring stay-green is an important step toward developing drought-resistant hybrids. Molecular markers allow breeders to track genetic loci controlling drought tolerance without extensive field trials (Tanksley 1993 ). This will reduce the cost for field evaluation, increase breeding efficiency, and allow simultaneous selection for drought tolerance and other agronomic traits. Comparative genome mapping showed similarities in the genome organization of sorghum with maize (Zea mays L.) and other major cereal crops (Hulbert et al. 1990; Moore et al. 1995) . Sorghum and maize have the same chromosome number (2n = 2x = 20), but sorghum has one-third of the nuclear DNA content of maize (Laurie and Bennett 1985) and stronger adaptation to drought stress. Success in mapping stay-green QTLs in sorghum may serve as a model and be directly applicable to maize and other grasses for genetic manipulation of senescence and improvement of drought tolerance.
The objective of this investigation was to identify the stay-green QTLs in sorghum using an F 7 recombinant inbred line (RIL) population, which was evaluated under postflowering stress environments in multiple locations for two years. The implications of these stay-green QTLs in breeding for drought-resistant cultivars in sorghum, maize, and other cereal crop species are discussed. The possible involvement of genes for the components of chlorophyll synthesis and stress response in expression of stay-green are also explored.
Materials and methods

Plant materials
An F 7 RIL population from the cross of two inbred lines B35 and Tx7000, developed from selfed bulked panicles from singlehead F 6 progeny rows was used for this study. B35, a BC 1 derivative of IS12555, a durra sorghum from Ethiopia, responds distinctly to drought during the pre-flowering and post-flowering stages compared to Tx7000. It is susceptible to pre-flowering drought and highly resistant to post-flowering drought (stay-green) with a relatively low yield potential. Tx7000 is the Sorghum bicolor variety Caprock, which was an open-pollinated grain sorghum variety developed by The Texas Agricultural Experiment Station at Lubbock by the late R.E. Karper. It was released and distributed in the late 1940s, and was derived from a 'Kafir' × 'Milo' cross. It later was a male parent of Texas 660, a hybrid released in the late 1950s. It is resistant to pre-flowering drought, but susceptible to post-flowering drought, and has a high yield potential.
Phenotypic evaluation
The parental lines and 98 F 7 RILs were evaluated under postflowering drought-stress conditions at Lubbock and Halfway in West Texas in 1993 Since the 1995 growing season had unusual excessive rainfall, no data were recorded on staygreen. The field tests used a randomized complete block design with three replications and single-row plots 4.9 m long and 1.0 m apart. Each replication contained random repetitions of the parents, B35 and Tx7000, once for every 10 plots of RILs to monitor the stress level throughout the test. The plant density in all the trials was 52 000 per acre except Lubbock dryland where it was 39 000 per acre. Both the Halfway and Lubbock trials in 1993 and 1994 were irrigated adequately up to the flowering stage. Irrigation was withdrawn just before anthesis to allow moisture stress to develop during the grain development stage. In addition to the above two locations, one Lubbock dryland location was used for evaluation of the RIL population only during 1994. This test site received no irrigation. In total, trials were conducted in five environments taking into account the location-year combinations. These environments were HL 93 (Halfway 1993 ), LL 93 (Lubbock 1993 ), HL 94 (Halfway 1994 ), LL 94 (Lubbock 1994 ), and LD 94 (Lubbock dryland 1994 ; notations used throughout in the text, tables, and figures. The use of RILs allowed us to accurately evaluate the stay-green and drought-stress responses at multiple locations in different years and to estimate environmental effects on QTL expression. The stay-green expression of individual RILs along with parental lines was estimated visually on a plot basis on a scale of 1 to 5 based on the degree of leaf and plant death at physiological maturity in the field under post-flowering drought stress. A rating of 1 indicated essentially no leaf death, while a rating of 5 corresponded to complete plant death (leaves and stem). Visual ratings of leaf and plant senescence have been demonstrated to be a reliable indicator of stay-green response (Wanous et al. 1991) . Chlorophyll content was also measured from three plants in each plot at the base of the second and fourth leaf from the top with a Minolta Chlorophyll Meter SPAD-502 (Minolta Camera Co., Japan).
Environmental conditions were favorable for drought evaluation in 1993 and 1994 at Halfway and Lubbock (60 km apart). In both years, there was very little effective rainfall later in the season after flowering, allowing severe moisture stress to develop during late grain-filling stage. Rainfall during mid and late growing seasons in both years were low and well below normal. The Halfway location has a deep heavy clay soil (Pullman clayloam), while Lubbock has a shallower loam soil (Olton loam). These areas are typical of much of the sorghum production area in the High Plains of Texas. High daytime temperatures averaging 35°C with low relative humidity are typical of West Texas and the drier sorghum-producing areas of the High Plains of Texas, as well as many sorghum production areas of the world.
Genetic analysis
Leaf tissues from several greenhouse-grown seedlings of two parental lines and 98 random F 7 RILs were used for RFLP (restriction fragment length polymorphism) analysis. Genomic DNA was extracted from lyophilized tissues as described by Saghai-Maroof et al. (1984) . The purified genomic DNAs were digested with BamHI, EcoRI, or HindIII and the informative probe-enzyme combinations were used for genetic mapping. RFLP analysis was conducted following the protocol of Gardiner et al. (1993) . The sorghum genomic clones (Xu et al. 1994; Chittenden et al. 1994) were obtained from Dr. Gary Hart (TXS clones) and Dr. Andrew Paterson (pSB clones) at Texas A&M University. Maize genomic and cDNA clones (UMC, BNL, and CSU) were provided by Maize RFLP Laboratory, University of Missouri, Columbia. The various cloned genes were obtained from different scientists. The insert DNA of the clones was labeled with 32 P according to Feinberg and Vogelstein (1983) and hybridized to the Southern blots overnight at 65°C. The hybridization solution (25 mL/100 cm 2 blot) contained 0.2% SDS, 5× SSC, 0.1 mg/mL denatured salmon sperm DNA, 10 mM EDTA pH 8.0, 50 mM Tris pH 8.0, 1× Denhardt's solution, and 10% dextran sulfate. Prior to hybridization, the blots were incubated for 3-4 h at 65°C in the solution with the same contents as for hybridization, except no dextran sulfate was included. Subsequently, the blots were washed in 2× SSC and 0.5% SDS solution at room temperature for 10 min and then in 0.1× SSC and 0.1% SDS solution for 30 min at 65°C, and finally autoradiographed using Kodak XAR5 films.
Data analysis
The RILs were scored for the parental band of the female parent (B35, scored as A), male parent (Tx7000, scored as B), heterozygotes (scored as H), and missing values (scored as -), for each marker. The genetic linkage map was developed with the computer program MAPMAKER Macintosh v. 2.0 (Lander et al. 1987 ) using Haldane's mapping function (Haldane 1919 ) and the RIL option. A minimum LOD (logarithm to the base 10 of the likelihood ratio) score of 6.0 and maximum recombination of 40% were used as the linkage criteria. Standard statistical procedures, such as ANOVA (analysis of variance), coefficient of variation (CV), frequency distributions, and correlation were performed according to Steel and Torrie (1980) . The statistical procedure to evaluate the parents and RILs for genetic variation in stay-green rating and chlorophyll content and the calculation of the heritability estimates assumed the random-effects model (Model II). The trait value in most cases was log-transformed to more closely fit a normal distribution. Simple interval mapping with MAPMAKER/QTL (Lander and Botstein 1989) was performed to identify QTLs for the two traits of interest, e.g., stay-green and chlorophyll content. This program also estimated the additive effect of individual allele for both traits. Initially, RIL mean values for each environment were used for identifying the QTLs. Finally, the combined means over all the environments were also used for this purpose. A LOD threshold of 2.4 was used to declare the presence of a putative QTL in a given genomic region for both the traits. This threshold level corresponds to a test of the presence of a QTL at the 0.05 level of significance according to the "sparse-map" case (Lander and Botstein 1989) . However, in some cases the consistent QTLs with lower LOD scores were also reported.
Results
Genetic linkage map
A total of 162 informative markers were used to genotype the RIL population from B35 × Tx7000. The constructed linkage map has 145 loci covering a map distance of 837 cM (Haldane's mapping function) in 10 linkage groups with an average distance of 6.1 cM between markers (Fig.1) . These linkage groups were designated A-J. The number of markers placed in different linkage groups and the map distances of linkage groups ranged from 6-36 and 32.7-170.7 cM with averages of 14.5 and 83.7, respectively. Thirteen probes were either cloned genes or sequenced cDNA clones, and their functions or protein products are known. They were mapped along with several morphological markers on all linkage groups except C and I. The morphological markers included juicy midrib (D gene), red coleoptile (Rs), red pericarp (R), and a new gene for chemical burning resistance (rcb).
Our RIL map and the F 2 map reported by Xu et al. (1994) share many common RFLP markers. Linkage groups A-J in our map correspond to the linkage groups C, B, I, H/G, D, E, J, A, F, and N of their F 2 map, respectively. There was excellent agreement between our linkage groups A, B, C, F, G, and H with their corresponding linkage groups. However, our linkage group D combines their G and H. In addition, our linkage group H does not have a large part of their linkage group A.
Genomic composition of F 7 RILs
A detailed analysis was conducted on the consequences of continuous selfing without artificial selection. The average percentages of loci homozygous for female and male alleles were 46.6% and 49.0%, respectively, and the remaining 4.4% of loci were heterozygous, indicating transmission of both the parental alleles in a 1:1 ratio. Despite the normal transmission of both male and female genomes from the genome-wide point of view, there were three chromosomal segments that were significantly skewed toward either the male or female parent. Linkage group A had higher percentage of alleles from the female parent B35, particularly in the region between TXS584 and HSP17, with an average 60% occurrence of B35 alleles. Another block between TXS1103 and TXS1106 in linkage group B and a small segment between TXS1247 and BNL15.40 in linkage group D were significantly skewed toward the male parent, Tx7000, with average allele frequencies of 65% and 64%, respectively (Fig. 1) .
Significant heterozygosity was noticed in three chromosomal blocks; 8-13% in the TXS584-TXS1941 block in linkage group A, 8-12% at PSR371-TXS1224 in linkage group C, and 6-19% at TXS1139-TXS1161 in linkage group F. The average heterozygosity was estimated to be 4.4% genomewide, which is slightly higher than the theoretical 3.1% for the F 7 generation. This might be due, in part, to bulking instead of single-seed descent used between F 3 and F 4 generation. Distorted segregation has been reported in sorghum and other species and can be attributed to several factors (Xu et al. 1995) .
Identification of stay-green QTLs
The stay-green parent, B35, was observed to have a significantly higher level of post-flowering stress resistance. When the stay-green ratings were pooled over five environments, B35 had a lower score (2.28) compared to the non-staygreen parent, Tx7000 (4.73) (Table 1; Fig. 2a) . The staygreen ratings of the RILs ranged from 1.23-5.00, with an average of 2.97 when all five environments were considered. The CV was also reasonable in all five trials, and the broadsense heritability for the stay-green was estimated to be 87%.
In both of the individual 1993 locations, three QTLs were consistently identified in identical regions and were designated Stg1, Stg2, and Stg3. These mapped to linkage groups A and D. When data were pooled over locations, the same QTLs were also identified. The three QTLs together explained 32.6% (LL 93) to 41.6% (HL 93) of the phenotypic variation with cumulative LODs of 8.14 and 10.29, respectively. During 1994, one additional QTL (Stg4) was mapped in the TXS713-rcb block in linkage group J at environments HL 94 and LD 94. At LL 94, all three stay-green QTLs, Stg1, Stg2, and Stg3 were identified in 1993. Except for Stg3 at LD 94, all the stay-green QTLs identified explained more than 10% of the phenotypic variation. In general, the ranking of QTLs in respect to importance was Stg2 > Stg1 > Stg3 > Stg4. The phenotypic variation explained by Stg2 ranged © 2000 NRC Canada
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Genome Vol. 43, 2000 Fig. 1 . The RFLP linkage map of sorghum showing the positions of QTLs for stay-green and chlorophyll content under post-flowering drought stress environments. The map was developed using the F 7 RIL population developed from the cross B35 × Tx7000 and by using Haldane's mapping function (Haldane 1919 Table 2 ). Stg3 and Stg4 were identified in three environments and two environments, respectively. All four major QTLs were detected in 1994 combined values explaining 42.5% of the phenotypic variability with a LOD score of 10.38. For all QTLs, the stay-green alleles were contributed by B35, the stay-green parent. Additive effect of individual allele for each QTL was greatest for Stg2, followed by Stg1, Stg3, and Stg4. The QTLs (Stg1 and Stg2) on linkage group A were consistently identified in all five environments. The map resolution at the QTL intervals varies from 5 cM for QTLs Stg1, Stg3, and Stg4 to more than 10 cM for the major QTL Stg2 that explained around 30% of the phenotypic variation. A QTL that accounts for over 10% of the phenotypic variation in segregating populations has been considered a "major QTL" (Tanksley 1993) . We believe that all four QTLs identified are major QTLs for stay-green because they were consistently identified in all the field trials from the B35 × Tx7000 F 7 RIL population. The QTLs for chlorophyll content also overlap the stay-green QTLs (Table 3) . Major QTLs are of great interest to breeders for manipulation in a breeding program through the use of molecular markers. Tx7000 has high yield potential and is extremely resistant to pre-flowering drought stress, but very susceptible to postflowering drought stress (i.e., non-stay-green line). The introgression of these stay-green QTLs into Tx7000 or other elite parental germplasm will lead to a superior germplasm resistant to drought stress at all growth stages.
QTLs for leaf chlorophyll content
Under post-flowering stress conditions, B35, the staygreen parent, had more chlorophyll (40.1%) than the nonstay-green parent, Tx7000 (16.2%) (Table 1; Fig. 2b ). The chlorophyll content of 98 RILs ranged from 9.5-59.3% with a mean of 36.1%. The CV ranged from 18.4-25.3% in different trials with a broad-sense heritabilty estimate of 72%. When the reduction of chlorophyll content was compared to that of mature plants in a well-irrigated field, Tx7000 was observed to lose more chlorophyll (67.9%) than B35 (26.1%), indicating slower rate of plant senescence in the stay-green parent. Post-flowering drought stress causes premature senescence of Tx7000 and susceptible RILs. Plant senescence is paralleled by loss of chlorophyll. Not surprisingly, leaf chlorophyll content was observed to be significantly correlated to stay-green rating (r = -0.91, P < 0.001), which validates the stay-green scoring on visual basis (Wanous et al. 1991) .
When four environments (HL 93, LL 93, HL 94, and LL 94) were considered, three QTLs (Chl1, Chl2, and Chl3) were found to affect chlorophyll content under postflowering drought stress (Table 3) . These QTL intervals completely overlap the stay-green QTL intervals (Fig. 1) . Each of these QTLs explained more than 10% of the phenotypic variation for chlorophyll content of the plants under post-flowering drought conditions. The interval WG889-R (Chl2) accounted for 16.5-27.2%, whereas Chl1 and Chl3 accounted for around 11-12% of the phenotypic variation. Table 2 . Quantitative trait loci for stay-green under the post-flowering drought stress in sorghum F 7 RILs from the cross of B35 × Tx7000.
The Chl1 QTL was only detected during 1994. The Chl2 and Chl3 QTLs were consistently identified in different locations and different years. The additive effects of B35 alleles were greater in the case of Chl2 when compared to Chl1 and Chl3, indicating its importance in the stay-green phenomenon. It remains to be seen if the overlapping of stay-green QTLs and chlorophyll content QTLs were due to linkage or pleiotropy.
Discussion
Drought resistance is a complex trait affected by several interacting plant and environmental factors. Sorghum plants with the stay-green trait resist premature senescence, stalk rot, and lodging when subjected to drought during the grainfilling stage. The leaf relative water content of stay-green lines is much higher than in non-stay-green lines, indicating that the stay-green lines keep the stalk transportation system functioning under severe drought conditions (Xu et al., Texas A&M University Agricultural Research and Extension center, Lubbock, unpublished data) . In many other crops, stay-green genotypes also have increased resistance to diseases and drought and possess leaves with higher nutritional and marketing quality. The stay-green expression has been used for years by sorghum breeders as a measure of post-flowering drought tolerance (Duncan et al. 1981; Rosenow and Clark 1981) .
Recently, Tuinstra et al. (1997) reported mapping of six stay-green QTLs in a RAPD (random amplified polymorphic DNA)-based map of sorghum, developed from a RIL population from the cross of B35 × Tx7078, which explained 53% of the phenotypic variability. In the absence of alignment of linkage groups, due to few common markers among the 20 RFLPs placed by them, it was not possible to compare all the QTL locations. However, the Stg1 QTL might be the QTL on linkage group G identified by Tuinstra et al. (1997) . Since the RAPD markers are dominant in nature and there is considerable concern regarding their reproducibility and transferability, the developed map and their subsequent identification of QTLs is of little utility for sorghum breeders. The use of more RFLP markers should have been helpful to cross-reference their work to that of others. Their phenotypic data on stay-green was obtained from outside the major sorghum production regions. On the contrary, the four stay-green QTLs reported by us were consistently identified in different locations and in two different years using an RFLP map, and should be of unique interest, not only for marker-assisted selection purposes, but also warranting positional cloning of these consistent QTLs for stay-green. Moreover, the QTL analysis using data from RIL populations, evaluated under a strong, naturally occurring, soil moisture stress typical of significant sorghum growing regions should be more meaningful in practical breeding. Means for each environment were also used to detect QTLs to avoid location-and year-specific effects. However, comparisons of QTLs from each location in each year with the overall mean data did not indicate any discrepancy in QTL location. The consistency of occurrence of three QTLs (Stg1, Stg2, and Stg3) across several environments makes us confident that these are the major QTLs for stay-green in sorghum.
Linkage group A harbored many important genes encoding key photosynthetic enzymes (NADP-dependent malate dehydrogenase, chlorophyll a/b binding protein, and Rubisco), heat shock proteins, cell membrane ATPase, including an ABA-responsive gene. The marker RUBP used in this study refers to a gene in maize encoding the small subunit of ribulose-1,5-biphosphate carboxylase/oxygenase. CSU103 is a maize cDNA clone that has a similar sequence to the ABA response gene. Abscisic acid is an essential mediator between drought and the plant responses (Davies et al. 1994; Gosti et al. 1995) . The maize cDNA clone CSU71 encodes chlorophyll a/b binding proteins of the photosystem II lightharvesting complex. The maize cDNA clone CSU16 is same as the me3 gene encoding NADP-dependent malic enzyme 3. NADP-dependent malic enzyme is unique and is one of the key regulatory enzymes in the C4-photosynthesis pathway. The malic enzyme decarboxylates the C4-compound malate and releases CO 2 as well as the C3-compound pyruvate. The CO 2 is fixed by Rubisco in the bundle sheath chloroplasts and enters the Calvin cycle (Furbank and Taylor 1995) . The CSU146 encodes putative membrane ATPase. Four cDNA clones encoding heat-shock proteins (HSP70, HSP16.9B, HSP17, and HSPX) were mapped to linkage group A. The probe HSP70 was a 4.0-kb maize genomic clone containing the entire HSP70 protein-encoding region (Rochester et al. 1986 ). The HSP16.9B and HSP17 proteins were wheat (Triticum aestivum L.) cDNA clones (Weng et al. 1993; McElwain and Spiker 1989) . The HSPX locus was a maize cDNA clone encoding a small heat-shock protein (David Ho, Washington University, St. Louis, personal communication). Genes encoding these small heat-shock proteins (HSP16.9B, HSP17, and HSPX) were clustered. Heatshock proteins are known to accumulate in plants under high-temperature stress conditions. There is a high degree of homology among the HSP genes from different plant species. Mature or germinating pollen grains of maize do not synthesize characteristic HSPs (HSP70 and HSP18) that are normally produced by maize vegetative tissues under heatshock treatment. A specific block in accumulation of adequate levels of transcripts for HSPs may be the cause of the susceptibility of maize pollen to high temperature (Hopf et al. 1992 ). Yet, sorghum pollen synthesizes HSP70 and HSP18 under heat-shock treatment (Frova et al. 1991) , which may be related to the adaptation of sorghum to high temperature environments. Among all the genes described, the location of RUBP, HSP70, CSU103, CSU146 adjacent to Stg1, and CSU71 close to Stg2 assumes significance. Malate dehydrogenase is one of the genes that show increased transcription level during senescence (Buchanan-Wollaston 1997) . Under the field conditions, sorghum plants are often simultaneously exposed to dry soil and high-temperature stresses. Some of the staygreen sorghum lines contain a higher level of cytokinin than normal and may senesce at a reduced rate (BuchananWollaston 1997; Thomas and Smart 1993) . Such spatial arrangement of the stress-responsive and photosynthetic genes may be due to functional preference during species evolution. Clusters of functionally important genes and overlapping of QTLs for different traits may be the basis of the genetic correlation of the drought resistance with ABA synthesis, photosynthesis, and other traits. The overlapping of all three QTLs for chlorophyll content with the stay-green QTLs is of great relevance in understanding the stay-green phenomenon. Whether genes in these regions have pleiotropic effects or the stay-green expression is due to the effect of linked genes needs to be investigated. To achieve this objective, development of near-isogenic lines for these QTL regions for fine mapping and physical mapping of these regions is necessary to obtain precise information on the gene content of these regions. Undoubtedly, this will lead to better understanding of the mechanism of droughtinduced senescence in plants and how chlorophyll synthesis is stabilized under post-flowering stress conditions resulting in stay-green expression. Understanding the genetic basis and molecular mechanisms of drought-induced senescence and cloning of the genes responsible for the stay-green trait will have great impact in improving crop productivity not only in sorghum, but in other major food crops as well.
